In recent years, increasing interest in developing small-scale fully integrated energy resources in distributed power networks and their production has led to the emergence of smart Microgrids (MG), in particular for distributed renewable energy resources integrated with wind turbine, photovoltaic and energy storage assets. In this paper, a sustainable day-ahead scheduling of the grid-connected home-type Microgrids (H-MG) with the integration of non-dispatchable/dispatchable distributed energy resources and responsive load demand is co-investigated, in particular to study the simultaneously existed uncontrollable and controllable production resources despite the existence of responsive and non-responding loads. An efficient energy management system (EMS) optimization algorithm based on mixed-integer linear programming (MILP) (termed as EMS-MILP) using the GAMS implementation for producing power optimization with minimum hourly power system operational cost and sustainable electricity generation of within a H-MG. The day-ahead scheduling feature of electric power and energy systems shared with renewable resources as a MILP problem characteristic for solving the hourly economic dispatch-constraint unit commitment is also modelled to demonstrate the ability of an EMS-MILP algorithm for a H-MG under realistic technical constraints connected to the upstream grid. Numerical simulations highlights the effectiveness of the proposed algorithmic optimization capabilities for sustainable operations of smart H-MGs connected to a variety of global loads and resources to postulate best power economization. Results demonstrate the effectiveness of the proposed algorithm and show a reduction in the generated power cost by almost 21% in comparison with conventional EMS.
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Introduction
Future smart buildings will incorporate an increasing nondispatchable/dispatchable generation units and energy storage (ES) devices coupled with responsive load demand (RLD) switching from conventional routines of consumptions to distributions and regulation counterparts [1] . In specific RLD loads are of interest because of their interruptible nature, in contrast with NRLD counterparts of non-interruptible nature, and being not part of the sensible loads that have the ability to flexibly respond to the Microgrid s customer financial encouraging contractual implementations, with respect to minimizing consumers lead costs while maximizing operational efficiency by shifting from peak time loading to nonpeak periods. With continuous increase in the growth rate of home Microgrid (H-MG) and renewable resource penetrations for more than a decade unregulated load demand together with intermittent renewable generation are posing additional challenges on supply-demand balancing conditions in smart H-MG [2] . H-MG represents a vision for nondispatchable/dispatchable distributed generations and consumptions, enhancing the robustness and stability of power grids and explores new ways of utilizing sustainable energy resources in terms of new generation of renewable integrated energy systems [2] [3] [4] [5] . Facilitated by recent advances in RLD and renewable generation, systems are managed adaptively in response to variations of renewable power supply and load demand, simultaneously. [6] . These adaptive features combined with the objective of reducing the overall operational cost of the whole H-MG system, the RLD can play a critical role as in to offer a fully integrated platform to be collaboratively perform features like peak shaving and load shedding with all considerations of physical, financial, and environmental constrains [7, 8] .
In H-MG, the issue of supply-demand mismatch with renewable energy generation can be made if energy generation sources are not sufficient enough to supply the load demand and no proper energy management system (EMS) is employed. A proper EMS is one which makes effective use of available distributed energy resources (DERs) optimally, while ensuring efficient resources usage and the sustainability of the supply. However, these EMSs have constrictive bounds to their operational limits and may also fail to supply the load demand if total demand is more than the maximum capacity of the generation resources. Under such scenarios, employing backup systems, such as energy storage (ES), and/or applying RLD options helps reduce electricity supplydemand unbalance [9] [10] [11] [12] . RLD is a mechanism to enable customers to participate in the electricity market in order to reduce the peak demand by scheduling both power consumption and operation time for power-shiftable appliances and time-shiftable appliances. One of the key objectives of EMS with RLD availability is to reduce power consumption in peak hours and shifting demand to off-peak hours when cheaper, cleaner electricity is available [13] [14] [15] .
In this paper, an intelligent EMS based on mixed integer linear programming (MILP) (EMS-MILP) is designed to easily accommodate a wide range of ES and RLD in the gridconnected H-MG. as to demonstrate smart grid implementation and optimization, presented as an energy management system. For all purpose H-MGs, the optimum performance of each one of the production resources requires optimized management of load demand under different conditions, as also considered in this study. Since the model considered for the H-MGs is non-linear, the optimization algorithms for finding the best solution for the efficient and intelligent power distribution, in particular for H-MGs connected to the upstream grid, where load demand fluctuations can lead to frequency variations and reactive power can also be considered in this study [16, 17] .
The proposed EMS-MILP offers an intelligent maintenance, regulation and unit scheduling framework for gridintegrated H-MG that can be utilized for real-time optimization considering all achieved smart energy generation units with improved performance/energy monitoring and reduced energy cost. In addition, where DERs have a positive effect over electricity market efficiency and reliability of supplying power by using revolving reserves, our optimum algorithm incorporates the contribution of power for revolving reserves, energy storage resources and DERs, all integrated to emulate conditions for uncontrollable resources and uninterruptable loads, measured in real-time from upstream grid by using central controlling unit. The optimum scheduling in this integrated structure including generation and DER resources combined together also addresses scenarios of maximizing performance and minimizing system cost. Moreover, a generalized framework model that can adopt for all global consumers to participate in RLD program is proposed. The main contributions of the work are as follows:
• Presenting a stochastic bidding strategy for H-MG participating in local energy market in consideration of uncertainties of load demand and available output power of wind turbine (WT) and photovoltaic (PV) resources; • Presenting RLD programming combined with ES is investigated under the presence of variable renewable A c c e p t e d M a n u s c r i p t   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 generated power to demonstrate its ability for DER generation to reduce the market clearing price.
Application to test grid
The schematic diagram of a grid-connected H-MG which is main focus of this paper is illustrated in Figure 1 . In this configuration, dispatchable/non-dispatchable DERs and ES devices and associated RLD are configured in H-MG. To begin, EMS-MILP receives data including the generated power by non-dispatchable DERs and the non-responsive load (NRL) demand, the general properties of each DERs (such as maximum/minimum power generated by them, the turning on and turning off time of non-dispatchable DER as presented in Table 1 ), ES SOC. Then, all the optimal power set-points of each DERs and RLD will be dispatched to them at each time interval based on the proposed EMS. Simulation evaluations are performed for a grid-connected H-MG including wind turbine (WT), photovoltaic (PV), microturbine (MT), and energy storage (ES). The real life experimental data carried out from [15] are also used to simulate WT, PV and NRL demand. The WT, PV, and NRL demand profiles are shown in Figure 2 .
For investigating the proposed algorithm performance correctness in encountering different incidents, three scenarios have been implemented over the grid-connected H-MG under study: (the SOC initial value (i.e. SOC INI ) in all the scenarios has been set equal to 50%). Scenario #1: normal operation. Scenario #2: sudden increase in load demand. Scenario #3: emergency shut-down at non-dispatchable resources.
Problem formulation

Objective function
Our first attempt considers defining the objective function as a problem structure that includes profit negative values A c c e p t e d M a n u s c r i p t that requires minimization via EMS optimization. Although, the above function can be fully extended to integrate other variables, constraints and balancing conditions to include other technical and environmental aspects for a given H-MG. values that requires minimization via EMS optimization. Although, the above function can be fully extended to integrate other variables, constraints and balancing conditions to include other technical and environmental aspects for a given H-MG. Profit negative is equal to the overall cost of generating electricity by the H-MG without the H-MG incomes stream. The defined objective function for a grid-connected H-MG thereby can be expressed as follows.
(1) Subject to:
• power balance P
where π B and π B are respectively the minimum and maximum offer of the electrical price in the B th DER. π B can be considered the equivalent of the value of predicting electrical MCP of the day before implementing uncertainty. π B can be considered zero for non-dispatchable DER generation resources and for resources which consume fuel can be estimated by calculating electrical marginal cost (MC e ) value of the desired resource. MC e for fuel consuming resource is calculated from the following relation:
• non-dispatchable resources (WT and PV in this study) [15, 19, 20 ]
• dispatchable resources (MT in this study) -turn on/turn off limit
is a binary variable which shows the off or on condition of unit MT at time t, when the unit is on. It allocates the one value to itself and otherwise its value is zero. a 
• ES constraints [14, 19] -maximum discharge limit P
ES-
-maximum discharge limit considering the stored energy (P
-Maximum charge limit considering the stored energy
• RLD constraints On the other hand, the amount of power allocated for the RLD can be specified by EMS-MILP incorporates the technical and economic constraints. After determining the optimum set-point powers of each DERs and the value of surplus and shortage powers, this information will be spontaneously sent to the RLD unit. For the first time, our novel EMS-MILP implementation incorporates all constraints for RLD/DER where household consumed loads for a H-MG are classified as both interruptible loads (i.e. RLD) and no interruptible loads (i.e. NRLD), respectively. For generated power in H-MG, the generation resources are more than the consumption amount by the consumers (i.e. at the beginning of the day) thereby excess generation is created, and the proposed EMS algorithm during operational times decides to supply RLD+ loads:
Also, when power shortage exists in the H-MG (i.e. at the end of the day) and the amount of generation resources is less than the amount of consumed power, the proposed EMS transfers interruptible loads from this time interval to other time intervals for helping system stability:
The above implementation signifies the functional ability of GAMS/EMS-MILP objective function to study the increase of energy generation shared under renewable resources, where a co-optimization of maximizing profit and/or minimizing cost considered with all technical constraints of load supply for all resources in the H-MG. In addition, where simultaneous use of renewable energy generation resources and energy storing/battery resources along with responsive loads creates complexities for multiscale H-MG energy management, the proposed algorithm also successfully adapts to the above structure. Determining that what amount of load demand can be shifted/supplied to/from a time interval to another is one of key roles of the RLD unit.
Mixed-Integer Linear Programming Optimization
A mixed-integer linear program optimization is applied to the above objective function as; problem with:
• For linear objective function of f T x, where f is a column vector of constants, and x is the column vector of unknowns.
• All bounds are considered as linear constraints, and no nonlinear constraints have been defined. • The restrictions on some components of x to have integer values is also applied. In mathematical terms, given vectors f, lb, and ub, matrices A and Aeq, corresponding vectors b and beq, and a set of indices intcon are defined to compute a vector x to solve:
where integer variables must take an integer value (0, 1, 2, · · · ). A unique integer variables is a binary variables that can only take the value 0 or 1, where a maximum of 1 and implicitly a minimum of 0 on each variable are constrictive bounds at all times. If all variables are integer then it is a pure integer model, else it is a mixed-integer model, sometimes denoted as MIP (Mixed Integer Programming).
The proposed EMS-MILP
The EMS-MILP proposed in this paper is depicted in Figure 3 . This algorithm is encompassed from two part namely EMS-MILP and conventional EMS. EMS-MILP will be executed if switches of S1 and S2 have the status of ON and OFF, respectively. Conventional EMS is based on method without optimization algorithm. It comprises different units, i.e. economic dispatch (ED) unit, RLD unit, Taguchi s orthogonal array testing (TOAT) unit and market clearing price (MCP) unit. The relationship between these four units is shown in this figure. As observed, information such as the technical constraints of the devices involved in the H-MG, prediction of the NRL demand and the non-dispatchable generation resources and offers of each existing resources in the H-MG are sent to the TOAT unit. TOAT is used to represent the probability distribution of the intermittent supply from nondispatchable DERs, NRL and MCP profiles as addressed in literature [12] . After applying uncertainty over the inputs, the total consumed power (TCP) and the total generated power (TGP) can be determined in ED unit by solving minimization problem based on an objective function subject to the constraints described in section 3. After selecting the H-MG operation mode (islanded or grid-connected) and by introducing a binary variable (i.e. X UG t ), ED unit is computed and executed completely independent, irrespective of the the optimum power values of the existing dispatchable and nondispatchable DERs and NRL demands. Since the H-MG under consideration is operated in an islanded mode, there will be no power trade-off between/ with the upstream grid. On the other hand, the grid connected H-MG can also make it possible to exchange information on power generation and consumption between H-MG and upstream grid. Noting the objective function and offers of the existing DERs in the H-MG, the excess power generation can be supplied to the upstream grid. RLD is also considered to be an alternative energy resource to keep this power in the H-MG instead of release it to the upstream grid. It can often help reduce the amount of power the corporation has to generate from expensive fossil fuels by dispatchable DER. EMS-MILP specifies based on the minimization of objective function (e.g. profit negative or operation cost), decides whether power exchange with the outside is beneficial for the MG owner or not. On the other hand, the amount of power allocated for the RLD can be specified by EMS-MILP incorporates the technical and economic constraints. After determining the optimum set-point powers of each DERs and the value of surplus and shortage powers, this information will be spontaneously sent to the RLD unit. For the first time, our novel EMS-MILP implementation incorporates all constraints for DR/DER where household consumed loads for a H-MG are classified as both interruptible loads (i.e RLD) and noninterruptible loads (i.e NRLD), respectively. For generated power in H-MG, the generation resources are more than the consumption amount by the consumers (i.e. at the beginning of the day) thereby excess generation is created, and the proposed EMS algorithm during operational times decides to supply RLD+ loads.
A c c e p t e d M a n u s c r i p t   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Also, when power shortage exists in the H-MG (i.e. at the end of the day) and the amount of generation resources is less than the amount of consumed power, the proposed EMS transfers interruptible loads from this time interval to other time intervals for helping system stability.
Determining that what amount of load demand can be shifted/supplied to/from a time interval to another is one of key roles of the RLD unit. The exchange of information between RLD and ED units performs the optimum scheduling via minimizing production cost and using both controllable and non-dispatchable resources, the variables transferred between these units are illustrated in Figure 3 . EMS unit receives power production information from different production and energy storage units during each time period followed by the performance optimization for MGs. ED unit determines the MG production units optimum level with the least exploitation cost considering technical and economic constraints. RLD unit performs equilibrium between the supply and demand for active load-defined reduction in MG production units to supply load demand, when load demand shift for different times cannot be provided directly. Controllable loads (i.e. RLD) also requires power supply when excess production exists in the system, which is also facilitated by RLD. Overall integration successfully delivers optimum power balance conditions for a diverse nature of resources connected to the microrgid. After obtaining all power set-points and supply/consumer bids by using ED unit, all information must be dispatched to MCP unit. This unit makes the determination of MCP value possible that is the participation optimum powers in the market which are obtained through the ED unit. The process of this unit is implemented as shown in Figure 4 . In this flowchart, N g and N c are the equal to the number of generating and consuming agents in the electricity market, respectively. The proposed EMS-MILP algorithm is illustrated by a Pseudo-code in Algorithm 1.
Results and discussion
The proposed structure is validated over a case study which contains a grid-connected H-MG with different type of generation and consumer units. For this study, an H-MG has been configured by one PV (6 kW), one WT (8 kW), one MT (12 kW), one ES (2 kWh), and responsive/non-responsive load demand. Figure 5 shows state-of-charge (SOC) in the charge and discharge modes for the proposed algorithm. As demonstrated in this figure, during the time interval 00:00-06:00 the SOC value has not changed that much, at the beginning of interval because ES has acted in the charge mode the value of SOC has acted in the charge mode the value of SOC has reached to SOC, and then by discharging and charging ES in the next hours, the SOC value at the end of this interval has approximately approached its initial value. As it is observed during the time interval 06:00-12:00, the increasing load demand and reduction in renewable generation (compared to the previous time intervals), the EMS decided to partially use ES to supply the shortage in power. The value of SOC in this time interval fluctuates. Such that at the beginning of this interval the SOC value has its maximum value (i.e. SOC), then because EMS decides to use ES, the value of SOC at 10:00 o clock has reached to SOC. Generally in this interval, ES in 50% of the times is in the charging state and in 50% of the times operate in the discharging mode. At the beginning of this interval 12:00-18:00, because of not using MT for supplying load demand, EMS has used ES for helping to supply demand and as a result is in discharging mode and SOC value at 13:00 has reached to SOC. Because of the suitable climate conditions for producing renewable resources the EMS has decided to use these resources with high capacity, not only satisfying NRL and ES charging consumption but also causing the generation of excess power, so EMS has spent the excess generated power supplying RLD. At the beginning of hour 15:00, the battery SOC reaches to its maximum limit. As a result, MT shut down is requested by the EMS while renewable resources are generating at the maximum available rates. During hour 15:00 and 16:00, scenario #2 is observed where the ES is utilized to supply load demand while MT is shut down. The battery SOC at the end of this interval will be reduced which is reasonable.
Algorithm 1 EMS-MILP ALGORITHM
In the time interval 18:00-24:00, because of the occurrence of scenario #3, the proposed EMS at 19:00 has decided to use ES, so out of necessity the battery has discharged such that the value of SOC at 20:00 o clock has reached to SOC. Scenario #3 occurred during 18:00-24:00 time interval when load demand is at peak. In this case, MT is producing at the rated power (P MT ). However, it is not enough to satisfy the Figure 5 : SOC condition during the system 24 hours performance total load demand. As a result, the ES is commanded by the EMS to cover the rest of the load demand. This way, battery SOC reaches to SOC at the end of the day. It is mentionable in this time interval, the value of SOC in 50% of the times has reached to SOC which shows the adequate performance of the proposed algorithm in managing the energy stored in ES. Generally during the total 24 hours time interval, as for the highness of ES price bid in the discharge mode relation to MT, about 42% of the times ES has been used for supplying the consumed load (discharge mode), about 12% of the times idle (nor in the charging mode nor in the discharging mode) and about 46% of the times ES has been in the charging mode; so more charge has remained in it for essential times. As illustrated in this figure, more than 50% of the times during the system 24 hours performance, the value of SOC has been more than 50% which this fact shows the good support of load demand by ES in the proposed algorithm. It must be noted initialization conditions are based on a balanced SOC consideration be equal to~50%, under the maximum and minimum SOC bounds of 80% and 20% because E ES T ot and E ES I are respectively considered equal to 2 and 1 kWh, thereby initial SOC t = E ES t E ES Tot equals to~50%. As SOC t is the energy storage state-of-charge and E ES Tot is the total energy stored in ES (battery system our case), the presented model has no baring on ES overall capacity, and/or SOC initialization conditions on the final simulated results. In Figure 6 , the bar-graph related to power generated by generation resources has been shown. As it is obvious during the interval 00:00 to 06:00, MT has been in service during all this time interval always with its minimum power (P MT ) and EMS in addition to supplying the NRL consumed load demand and charging ES, has spent excess power supplying RLD. As it is observable from the figure, wind turbine is always in service in this time interval and photovoltaic because of lack of sunshine has been out of service. During the time interval 06:00-12:00, MT is always in service and during the first half of this interval (06:00-09:00), because the NRL load demand has increased relative to the previous interval and renewable resources operate with their low production capacity, EMS for supplying the NRL required power has to use more MT production capacity, but in the end half of this interval because PV resource power has increased, MT operates in service with its minimum power. Generally MT has always been in service Figure 6 : Barograph related to the power produced by generation resources in this time interval and EMS in addition to supplying the NRL required power and charging ES, has spent excess generated power supplying RLD power. During the time interval 12:00-18:00 scenario #2 has occurred. As for the suitable climatic conditions for generating renewable generation resources, these resources have been put to service with their high capacity and because of the lower price bid of renewable resources relative to MT, the proposed EMS has made a correct decision for turning off MT about 67% of the times which causes the system total cost reduction.
As for the occurrence of scenario #2 in this time interval, it is observable that the proposed algorithm has supplied the power required by NRL and power required by ES for charging and has spent the excess power created supplying RLD power which shows the good algorithm performance for optimum use of production resources and satisfying the consumers demand with the objective of minimizing the total cost of H-MG. Also ES in this interval has operated in the discharging mode about 34% of the times. During the interval 18:00-24:00, scenario #3 has occurred. MT despite higher price bid relative to renewable resources has been in service 67% of the time with its maximum capacity (P MT ), to supply load. Because of the increase of load demand in this time interval, EMS cannot satisfy the total consumption demand. As a result the EMS has attempted to buy power from the upstream grid (P UGt ) and shift consumption load (P RLDt ) to other hours. Generally during the total 24% time interval, about 83% of the times the designed EMS has attempted to use MT. Also, regarding renewable generation resources, WT has been in service about 92% of the times and PV has been in service about 46% of the time. So the proposed EMS has tried all its effort for supplying the consumed load by using these resources, because producing these resources has no cost for the H-MG, as a result supplying the consumed load with these resources will bring more profit for the H-MG.
In Figure 7 , the bar-graph of the power consumed by consuming resources has been shown in each time interval. In the time interval 00:00-06:00 the value of NRL load relative to other time intervals is much less and the proposed EMS in addition to supplying the NRL total demand and charging ES, has supplied the RLD power. About 11% of NRL total load demand and about 65% of total RLD power participation share is located in this time interval. During the time interval 06:00-12:00 the amount of NRL load demand has reduced relative to the previous time interval and the proposed EMS has spent a small amount of the excess power supplying RLD power. In addition to supplying total NRL demand, at 07:00, 10:00 and 11:00 o clock, the EMS has supplied the ES charging consumption. About 20% of total NRL demand is in the time interval 12:00-18:00. In this time interval, despite the occurrence of scenario #2 and the increase of consumption demand relative to previous intervals, and although only about 9% of total generated power in this time interval is related to MT (about 67% of the time MT is out of service), but because of suitable climate conditions for producing renewable resources with high capacity, excess production has been created. In addition to supplying total NRL demand and charging ES, the EMS has spent excess power supplying RLD. This shows the adequate performance of proposed algorithm in the occurrence of scenario #2. During the time interval 18:00-24:00, scenario #3 has occurred, as has the system load demand peak has occurred and about 40% of the total NRL power demand. But because production resources cannot supply the total load demand in this interval, EMS is forced to shift consumed load (P RLDt ) to the other hours of the day and to buy power from the upstream grid (P UGt ). At the end of this time interval, because of the reduction of consumption demand, excess generated power has been allocated to supplying RLD power.
It is notable that about 25kW of created excess consumption has been shifted to other hours and about 5kW has been estimated through buying power from the upstream grid (P UGt ). Also, as can be observed, the H-MG under study has not allocated excess power for selling to the upstream grid, that is it has spent all the excess generated power supplying RLD and charging ES. Figure 8 is related to RLD+ and RLD-curves and NRL load demand during the system 24 hours performance. From this figure it is observable that in the final hours of the day the amount of load demand is much more than other times; as a result the EMS has attempted to shift consumed load to other hours of the day, so that about 17% of the times during the total system 24 hours interval the EMS has attempted to shift consumed load to other hours, namely 19:00, 20:00, 21:00 and 22:00 in which the system load peak has occurred. As shown in this figure, proposed EMS at the early hours of the day and during sunset has allocated a power for RLD. Generally during the total 24 hours interval, EMS successfully supplies 50% of the times the responsive loads, being the primary allocated power fraction for supplying responsive load for the initial time interval 00:00-06:00. The excess power is generated when RLD+ occurs at the beginning of the day since NRLD load demand is low, and this power is already spent supplying RLD+. In comparison, RLD-occurs when excess consumption is proposed and the system cannot supply load consumption from other production resources. In specific, RLD-ensues at the end of the day relative to other times since for that period the load demand increases for the proposed EMS algorithm that shifts the excess consumption to other times for maintaining overall system stability under balancing conditions. After per-1 t , it is relevant to mention that it has occurred at the early hours of the day in all the possible condition in which a significant reduction in the value of λ 1 t is observed at the end of the day. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 6. Conclusions An intelligent energy management system using mixedinteger linear programming EMS-MILP for smart form sustainable power generation and delivery optimization for an H-MG structure is demonstrated. The stochastic optimization algorithm devised for H-MG outperforms its conventional counterpart under different load patterns, wide ranges of non-dispatchable/dispatchable DER installation capacity and electricity economization. In specific, using fast computational timesteps of about~30 s, accuracy to produce higher accuracy, compatibility, extendibility and flexibility, for both offline and online power and energy distribution in H-MG applications. The optimization reduces energy costs due to non-dispatchable DER installation, and decreases the systems dependence on traditional centralized generations. Also, where a combination of proposed ES and RLD integrated structure help not only to reduce the operational cost of the H-MG, but also to prevent unwanted events to effect system performance. The above concept signifies how an increase in the number of H-MGs in a multiple electrically/thermal coupled global grid system reduces the operational cost and/or maximizing profit at initial stages before dynamic variability s, cost starts to increase. In addition, the optimization highlights full control agility of generation and consumption trends to maintain maximize/minimize its economical profit/operational cost by making an intelligent power balance and exchange for H-MGs with upstream global grids at all times. Numerical simulations show the effectiveness of EMS-MILP algorithm in optimizing a moderate correlation between ES and RLD integrated H-MGs. In specific, this is advantageous to, stationary ES to store excess power generated in economically expensive Microgrids, where effective and cost reduction functionality can be achieved by this optimization strategy by integrating a RLD schedule in real-time. The stochastic optimization algorithm also offers ability for power system administrators to further enhance operational efficiencies for grid-connected integrated H-MG structures with different non-dispatchable /dispatchable DER resources. In summary, the proposed methodology can be fully incorporated for all global H-MGs with integrated multivariate renewable energy generation, distribution resources and loads under optimal real-time better management, performance and scheduling, adaptable versatile industrial standards and compliances.
